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Connection conn = DriverManager.getConnection(xxx); 
PreparedStatement stmt = conn.prepareStatement 
                     ("INSERT INTO CART VALUES(?,?)"); 
stmt.setString(1,book1); 
stmt.setString(2,u1); 
stmt.executeUpdate(); 
conn.commit(); 
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 INSERT INTO CART VALUES(book1,u1)
? 2.1????????????????????1????2????????
?????????? SQL?????? I1??????????????2????
 I1: INSERT INTO CART VALUES(?,?)
???2????????book1?u1??????3?4?????????????
???5??????????????????????????????????
??? SQL??????????6???????6?????????????
?????????????????????????????????????
?????????????????????????????
? 2.1?????????????????????????????????
SQL???? SQL?????????????????????????????
????????????
 INSERT INTO CART VALUES(book1,u1)
 INSERT INTO CART VALUES(book2,u2)
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Connection conn = DriverManager.getConnection(xxx); 
PreparedStatement stmt = conn.prepareStatement 
                     ("INSERT INTO CART VALUES(?,?)"); 
stmt.setString(1,book1); 
stmt.setString(2,u1); 
stmt.addBatch(); 
stmt.setString(1,book2); 
stmt.setString(2,u2); 
stmt.addBatch(); 
stmt.setString(1,book3); 
stmt.setString(2,u3); 
stmt.addBatch(); 
stmt.executeBatch(); 
conn.commit(); 
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List<Tx> getTargets() { 
  Tx baseTx = [requestMatchMakeを要求している Txの 1つを選択]; 
  List<Tx> ret = new ArrayList<Tx>(); 
  List<TxSeqCandidate> baseCands=[baseTxの全 TxSeqCandidateを取得]; 
  for (Tx tgtTx: [requestMatchMakeを要求している baseTx以外の全 Txを取得]){ 
    List<TxSeqCandidate> tgtCands=[tgtTxの全 TxSeqCandidateを取得]; 
    if ([baseCandsと tgtCands内に，必ず衝突する SQLテンプレートが存在するか]) 
      continue; 
    if ([baseCandsと tgtCandsの TxSeqCandidateの組み合わせで， 
            共通 SQL更新テンプレートを持つ組み合わせが 1つ以上存在するか]) 
      ret.add(tgtTx); 
  } 
  if (ret.size() >= [最大グループ・コミット Tx数])  
    [baseTxが最も頻繁に実行する TxSeqCandidateと最も類似している TxSeqCandidateを 
      持つ Txを最大グループ・コミット Tx数残し，他 Txを retから削除]; 
  return ret; 
} 
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???TxHandler?Scheduler?SQL????????delegate????SQL???
????????????checkConict????????????????prepare?
????????checkConict? true??????????? SQL???????
??????????? delegate?????????Tx?SQL?SQLTemplate??
????????????????? SQL?SQL????????????????
?????? 2.7?Tx1?Tx2?Tx3? Scheduler???????? 2.8??????
2.9????????????? SQL?????????????????? 2.9
???????????????Scheduler??????????????????
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synchronized void run() { 
  [GTxを開始する]; 
  while (![rollbackを要求されている]&&![全 Txが prepare中]) {  
    if (![delegate中の Txが存在する]) { wait(); continue; } 
    for (Tx ownerTx : [delegate中の Txの集合を取得]) { 
      checkConflict(ownerTx, [ownerTxが delegateしている SQLを取得]); 
      if ([rollbackを要求されている]) {break;} 
      SQLTemplate U = [ownerTxが delegateしている SQLのテンプレートを取得]; 
      if (U == null||[delegate中でない Txが，Uを delegateする可能性がある]) 
         continue; 
      [Uを delegate中の Txから引数を集め，バッチ更新を行う（照会の場合は逐次処理）]; 
      [上記対象となった Txを delegate中から解除する]; 
      notifyAll(); 
    } 
    if ([rollbackを要求されている]) {break;} 
    wait(); 
  }         
  if ([rollbackを要求されている]){[GTxを rollbackする];} 
  else {[GTxを commitする];} 
  notifyAll();  
} 
synchronized boolean checkConflict(Tx tx, SQL sql) { 
  if (![sqlは tx以外から delegateされた全 SQLと競合しない] 
    || ![sqlは全 Txが照会中のレコードを更新しない]) { 
    [GTxと全 Txに rollbackを要求する]; notifyAll(); return false; 
  } else { return [sqlは txから delegateされた全 SQLと競合しない];} 
} 
synchronized void delegate(Tx tx) { 
  [txを delegate中に設定する]; 
  notifyAll();  
  while (![rollbackを要求されている] && ![sqlが実行されている]) 
    wait();        
  if ([GTxがロールバックした])[txをロールバックする]; 
} 
synchronized void prepare(Tx tx) {    
  [txを prepare中に設定する]; 
  notifyAll();     
  while ([GTxが実行中である]) { wait();} 
  if ([GTxがロールバックした]) [txをロールバックする]; 
} 
 
? 2.8: ????????????
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?????????????????????????????????????
????????????? SQL????????????? SQL??????
??? SQL????????????????????????????SQL?
??????????????????????????Scheduler???????
delegate???????????????????????????????? SQL
??Scheduler???????????????????
Tx1?Tx2?Tx3???????I1?U1?I1? SQL????????? SQL??
??????????? SQL??????????????? TxHandler???
? delegate????????? 2.9-a??TxHandler??Tx?? SQL? delegate?
????delegate??????Tx? delegate?????? 2.8-29????delegate
??? SQL??Scheduler????run????????Scheduler??? SQL??
???Tx??delegate????????????????? SQL???????
????
run??????delegate??Tx?? 1?? ownerTx??????5???????
??I1?SQL????????Tx1????????????????checkConict
??ownerTx? SQL??? Tx????? SQL???????????????
???? SQL????????????????Scheduler??????????
??????????????????????????????????????
??????????????????????? Scheduler?????????
TxHandler?Tx??????????25?????
???I1?delegate?????Tx????????????????9?????
?????????Tx?Tx1?Tx2?Tx3?? delegate??????????Tx?
??????????Scheduler??I1? SQL????????? SQL? delegate
????Tx1?Tx3? SQL????????11????delegate????????
??12????
???ownerTx????Tx2?????????5????Tx2?U1? SQL??
??????? SQL?????????delegate???? Tx1? U1? SQL??
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? 2.9: ? 2.7? Tx1?Tx2?Tx3?????????????
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??????? SQL?TxSeqCandidate1-1??????????????????
??????10????????Tx3? ownerTx????????????Tx1?
ownerTx???Tx3? delegate???? SQL????????8???? null??
???????? delegate???? SQL????????????Tx1?Tx3??
????????????????????Scheduler??Tx1??????Tx3?
?? SQL? delegate?????????16????? 2.9-b??
???Tx1?U1?SQL?????????SQL?????delegate?????29
????Scheduler?????????????30?????????? Scheduler
????Tx1?Tx2?????SQL?????????Tx3?U1?SQL?????
?????????????????Tx3? delegate??????? 2.9-c??Tx3?
U1? SQL???????????Scheduler?Tx1?Tx2?Tx3????? SQL?
???????Tx1?Tx2?Tx3????????????????????? 2.9-d??
?TxHandler?Tx??????????????prepare??????prepare?
??Tx? prepare????run????????????Scheduler???????
??TxHandler?Tx? prepare????????run?????????????
???????????????19????????TxHandler???????20
????? 2.9-e??
2.3.5 ???????
??Tx???? 1????????????????????????????
??????????????? Tx????????????????????
??? 2.6?2.8??????????????????????????? SQL?
???Tx?? read-write?write-read?write-write??????????????
? SQL?????????????Tx???????????????????
???????????????????????????? Tx???????
???
? 2.6???SQL????????????????????????????
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? SQL???????????????Tx?????????????????
?????????
 DELETE FROM t1
 UPDATE t1 SET c1=? WHERE id=?
?????????????????????????????????? 2.6?
????????????
 DELETE FROM t1 WHERE id=?
 UPDATE t1 SET c1=? WHERE id=?
???????????????????? 2.8? checkConict????????
???? 2.8????????????????????SQL??????????
?????????????????? Scheduler????????? TxHandler
?Tx??????????
 DELETE FROM t1 WHERE c2=?
 UPDATE t1 SET c1=? WHERE id=?
? 2.8???? TxHandler????? SQL?????? ???????????
??????????????????????? Tx????????????
?????????????
2.3.6 ??????????
????????????????????????????????????
???????
??????????????????Scheduler?????Tx????SQL??
1????????????????????????????????????
26 2.4. ????
?????????????????????????????????????
??????????????????????????????? SQL????
??????????????????????????????????????
???Exception???????TxHandler????Tx????????????
????????????????????????????????
????????????????????????? Scheduler??????
Tx??? SQL????checkConict?????????????????????
??????????Dirty Read????????????????? Scheduler?
????????TxHandler?Tx????? SQL??????????????
???? SQL???????????????????????????????
????????????????????????????????? Tx??
????????????????
2.4 ????
????? Java?JDBC??????2??????????????????
?????
2.4.1 ????
???????IBM x336?Intel(R) Xeon(TM) 3.60GHz, 1024KB L2Cache, Hy-
perthreading, 2CPU, PC2-3200 DDR2 ECC SDRAM DIMM 7GB???????
?????????IBM HS20?Intel(R) Xeon(TM) 3.40GHz?2048KB L2Cache?
Hyperthreading?2CPU?PC2-3200 DDR2 ECC SDRAM DIMM 5GB?????
?????????????????????????OS??Red Hat Enterprise
Linux Server 5.2?2.6.18-92.el5 #1 SMP Tue Apr 29 13:16:15:15 EDT 2008 x86 64
x86 64 x86 64 GNU/Linux???????????? DB2 9.5?s071001, LINUX-
AMD6495?????????????? 5?????????????????
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?????????Gigabit Ethernet?????????????????, IBM
ServerRAID6M??????????????????????????????
??2??????15krpm x 7 RAID0???????
2.4.2 ???????????
????????? 1??????????????????????????
???????????????????????????????
?????????????????????????????????????
???IBM J9 VM (build 2.3, J2RE 1.5.0 IBM J9 2.3 Linux amd64-64 j9vmxa6423-
20081129????? Java?????????????????????????
????????????DB2? JDBC???????????????normarl
?????????????????batch?????????????????
?TPS???????Scheduler?? 1?1???????????????????
? 100??????????????????????????????????
??????????????CPU???? Linux???????? vmstat??
?????????????
??????????????
????????????????????4????????? 5?????
?????????????????????????????CPU??????
2.10????????????????????????????????? 2?
?????????????????????????????????????
??? 2.10?????????????????????????????????
??????????????CPU???????????? batch??????
????????????normal??????????????????CPU?
????????????
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? 2.10: 4????????????CPU???
? 2.10???????normal???????????????????????
??????????batch????????????????????????
?????
? 2.10???? 5???????????????????????????
?????? 2.11????normal?????????????????????
CPU???? 90%?????????????????????????????
??batch??????????????????????? CPU???????
??????????????????????? CPU??????? 40%??
???????????????? 120???????21%? CPU???????
????normal????????????CPU??????????batch???
???????? CPU???????????????????batch?????
???????CPU????????????????????????????
????????????????
???5??????????????????? 5?????????????
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? 2.11: 4?????5???????????CPU??????
?? 4???????????????????????????? 2.12?? 2.13
????????????????????????????CPU???????
??? 2.10?????????????????????????????????
? 2.12???????1????????????????? 220%??????
????????64???????????????????? 120%??????
??????????????????????????????????????
????????????????????????????????? 2.8???
Scheduler?????? wait()?4?16???? TxHandler?????? notifyAll()
?25?30?37??Scheduler?????? notifyAll()?13?20??TxHandler????
?? wait()?32?38???Java???????????????????????
????????????????????????? CPU?????????
?????????????????????????????????????
??????????????????????????????? 2.13????
?????????????????????????????????????
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? 2.14: ?????????????????????
????????????????????????
??????????????
2.4.2??????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????? 5?????? 4??????? 100?????
?? 0?? 1%???????????? 2.14????????????????
??????2??????????????????????????????
????????????????????????????? Scheduler????
?????TxHandler???????????????????
? 2.14?????????????????batch??????????????
0.3%????????normal????????????????????????
??????????????????????????????????????
32 2.4. ????
?????????????TPC-W??????????????0.1%????
??????????????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
?????????????????????????????????????
???????????????? [7]?
2.4.3 DayTrader???
DayTrader[27]????????????????Web????????????
DayTrader???10???Web????home?quote?login?logout?register?ac-
count?portfolio?buy?sell?prole??????????????????????
??????scenario???????????????Web??????????
?????????????????????????????????????
?? 90%???????????????15???TxSeq????????
??????5??????????WebSphere6.1?WAS??????????
WAS??DayTrader??????????DayTrader? scenario????????
?????????????HTTP?????????????????????
??????????????????????? 2.15???????HTTP???
??????????????????????????????????????
?2.15???????batch?????????????normal?????12%?
????DayTrader? 90%??????????????????????????
???????????????????
?2.11????batch?????normal????????????????????
???????CPU??????????????????Scheduler?TxHandler
????????????????????
????? 10? batch???????????normal????????????
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? 2.15: DayTrader????????CPU??????
??batch???????????native????? 1%????????? 10??
???WAS??? 2????????????????? Scheduler??1???
?????????????????????????batch????normal??
????Scheduler?TxHandler???????????????????????
?????????????????????????????????????
?????????????????????????????????????
? 0.01%?????????????????????????????????
???????????????????????????????
2.5 ????
?????????????????????????????????????
??Multi Query Optimization?MQO????????????????? [2, 3, 4]?
?????????????????????????????????????
34 2.5. ????
??????????????? [2]?????????????????????
?????????? [3]????????????????????????? [4]
???????????????????????MQO????????????
?????????????????????????????????????
???????????????? SQL????????????????????
??????????????? SQL???????????????????
?????????????????????????????????? [8, 9]?
?????????1??????????????????? SQL??????
??? [8]???????????????????????? [8, 9]??????
????????????????????????????? SQL??????
??????????
????????????????????????????????????
???????????????????????? [5, 6, 10]?????????
?????????????????????????????????????
??????????????????? SQL????????????????
??????????
Harizopoulos???Staged-Execution[11]??????????????????
???????? [12, 13, 14]????????Staged-Execution????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????????????????
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2.6 ???
????????????????????????????????????
?????????????????????????????????????
????????????? Java??????????????????????
??????????????????????CPU?????????????
?????????????????????????????????????
?????????????????????????????????????
???????????
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?3? ?????????????
???
3.1 ????
????????????????????????????????????
?????????????????????????????????????
??????????????1??????????????????????
?????????????????????????????????????
????1????????????????????????????? [15]??
?????????????????????????????????????
?????????????????????????????????????
???????? SQL???????????????????????????
????????
????????????????????????????????????
??????????????????????????????????????
?SNAPSHOT??????????? [16, 17, 18, 19, 20]???????????
?????REPEATABLE READ???????????READ COMMITTED??
??????????READ UNCOMMITTED????????????????
????????????????????? [28]1??????????????
??????????????
SNAPSHOT???????????????????????????C-JDBC[21]
1IBM DB2[29]? SQL Server[30]????????????????????????? 40%?
?????
38 3.1. ????
?????????C-JDBC?????????????????????????
???????? SQL??? 1?????????? SQL??????????
??????????????????????????????? SQL???
????????????REPEATABLE READ?READ COMMITTED???
??????????????????????????????????????
C-JDBC?????????????????????????????????
??????????? [16]?????????B?????????A????
? 1?????????????T1??????A?????????B???
?? 2???????????????????????????? 1?? T1?
?????T2?????????????? 2??T2??????T1????
?????????????????????????????????????
?????????????????????????????????????
????
???Web????????????OLTP????????????????
??????????????????????????????????? SQL
????????????????? SQL????SQL????????????
??? SQL????????????????????????????????
????????????
??????????????????????????????????RE-
PEATABLE READ?READ COMMITTED?READ UNCOMMITTED????
??????????? ???Yama???????
Yama???C-JDBC?????????????????????? SQL??
???????????????????? SQL? 1?????????????
??????????????????????????????Yama?????
??????????? SQL???????????????Yama??????
?????????????????????????????????????
?????????????????????????????????????
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????????????????
Yama????????????????SQL????????????????
?????????????????????????? SQL???????SQL
?????????????????????????????????Yama?
??1?SQL????????????????????????????????
??????????????????2??????????????? SQL?
?? SQL????? SQL??????1???????????????????
?????????????? 3????? SQL??????? SQL??????
??????????????????????????2????????? SQL
?????????????????????????????????????
????????????????????????????????Yama???
??????????????????????????????????????
?????Yama??????????????????????????????
??TPC-W[31]?????????????browsing mix?shopping mix?ordering
mix???5????????1??Yama??????????????
3.2 ??????????????????
3.2.1 ????????????????????
????????????????????????????????????
?????????????????????????????????????
??????????????????????????????????????
?????????SQL??????????????????????????
? SQL??????????????????????????????????
?????????????????????????????????????
?????????
40 3.2. ??????????????????
クライアント
ミドルウェア
汎用DBMS
汎用DBMS
汎用DBMS
レプリカ
? 3.1: ???????????
????????????????????????????? 3.1?????
????????????????? 1???????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????????????????????????1?????????????
?????????????????????????????????????
??????????????????????????????GlobaleTx???
?????????????????????????????????????
?LocalTx????????????
3.2.2 ANSI??????
?????????????????????????????????????
?????????????????????????????????ANSI[32]
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??????????????REPEATABLE READ???????????READ
COMMITTED????????????READ UNCOMMITTED???????
????????? SQL??????????????????????????
????????????????? [22]?
 REPEATABLE READ?????????????????????????
????????????????????????????????????
????????????????
 READ COMMITTED?????????????????????????
????????????????????????????????????
???????????????????????????????
 READ UNCOMMITTED???????????????????????
?????????????????????????????????
???REPEATABLE READ???????????????????????
????????????READ COMMITTED?READ UNCOMMITTED??
???????????REPEATABLE READ???????????
3.2.3 ????????????????????
???????????ANSI??????????????????????
??? SQL????????????????????????????????
???????????????? SQL????????????????????
????????????SQL???????????????????????
???????????
42 3.3. ????????????????????
3.3 ????????????????????
SQL??????????????????????????????????
????GlobalTx???????????????????????Yama????
???????GlobaleTx???????????????Yama???????
????????Yama???????????????????
3.3.1 SQL???
Web??????????????OLTP?????????????????
???????????????????? SQL???????????????
SQL????SQL?????????????????????????????
???????????????????
OLTP Web?????????????????? TPC-W????? SQL?
??????????? 3.1????? SQL????????????
 ?????????????READ UNCOMMITTED?????????
 ??????????????1????????????????????
????????????
 ?????????????????????????????? Join??
??????????????????????????????
 ?????????????????????????
 ??????????????????????????????????
???
 ???????????????????????????????????
???
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? 3.1: TPC-W???? SQL???????
mix
Browsing Shopping Ordering
???????????? 50.20% 29.66% 10.75%
????????????? 19.20% 17.21% 29.02%
???????????? 15.36% 14.74% 17.89%
????????? - - -
????????????? 14.80% 38.22% 42.30%
????????????? 0.44% 0.16% 0.05%
?????? - - -
 ???????????????
? 3.1???????TPC-W??????????????????????
???????????????? SQL???????????????????
SQL???????????????????????????????????
??????????????????????
3.3.2 ??????
Yama?????????????????3?????RecordLock?ColumnLock?
TableLock????????? 2???????S?X?????????????
????RecordLock???????????????????????????
???????ColumnLock????????????????????????
??????????????TableLock???????????????????
??GlobaleTx??????????????????????????????
1????????????????????????????????????
????TableLock??????????????????????RecordLock?
ColumnLock?????????????
44 3.3. ????????????????????
3.3.3 ????????????????
Yama???LocalTx???????READ UNCOMMITTED????????
?????????? SQL?????Yama?????????????????
????????????????READ UNCOMMITTED?????????
?????????????GlobalTx????????????????????
?????????Yama?????????????????????GlobalTx
?????????????Yama?????????????????????
??????????
3.3.4 SQL?????????
??????????????????SQL????????????????
???????????RecordLock??????????TPC-W?????? S1
????????? C ID??? CUSTOMER????????????????
?????SQL?????????????C ID? 100?RecordLock?????
????????????????
 S1?SELECT C FNAME, C LNAME FROMCUSTOMERWHERE C ID=100
? 3.2??Yama?????SQL?????RecordLock???????????
??????????????? lock??????????????RecordLock?
ColumnLock?TableLock?????????????????S?X???????
??????????????
3.3.5 ???????????????????
?????????????????????SQL?????????RecordLock
????????????TPC-W?????????????????????
????????????????????????????? S2??????
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1: 
2: 
3:  
RecordLock[] locks =[SQLより主キーの値を特定]; 
lock(locks, S); 
return [1台のレプリカを選択し，SQLの処理を要求]; 
 
1: 
2: 
3:  
RecordLock[] locks =[SQLより主キー値を特定]; 
lock(locks, X); 
[全レプリカに，SQLの処理を要求]; 
 
? 3.2: SQL??????????????????
 S2?SELECT I ID, A FNAME, A LNAME FROM ITEM LEFT JOIN AU-
THOR ON I A ID = A ID WHERE I TITLE LIKE 'XXX'
Yama????????????????????????????SQL???
????????????????????????? SQL????? SQL???
????????????????????????RecordLock?ColumnLock?
?????
????SQL????SQL????Join??????????????WHERE
???????????????? SQL? SELECT??????????????
????S2??????? S3????????????????????
 S3?SELECT I ID, A FNAME, A LNAME, A ID, I TITLE FROM ITEM
LEFT JOIN AUTHOR ON I A ID = A ID WHERE I TITLE LIKE 'XXX'
?? SQL????????????????????WHERE????????
????????????????????SELECT?????SQL??WHERE
????????????????????? S4????S5??????
 S4?UPDATE ITEM SET I TITLE = 'YYY', I A ID = 10 WHERE I TITLE
= 'XXX'
46 3.3. ????????????????????
 S5?SELECT I TITLE, I A ID FROM ITEM WHERE I TITLE = 'XXX'
Yama????????? SQL???????????RecordLock?Column-
Lock?????????????????? SQL???????? 3.3?????
???????
? 3.3??????????????? SQL???????2?????????
GlobalTx??????4???????1??????????? SQL?????
??????????????????WHERE???????????????
?????????????5-8????????Yama???8?????????
????????4???????GlobalTx? 4??????????GlobalTx
???????????????????9???????????????????
5????????????????????????????????????
??Yama????????? SQL?????????????????????
????????????????????? SQL???????????? SQL
???????????11????
???????????????2-6????????????? SQL????
?????????????????6????WHERE???????????7
???????????????9??????????????????????
??? SQL???????????????????8????????????
??????10-11???????10?????????????????4???
????GlobalTx? 4??????????GlobalTx????????????
???????12?????????????????????????????
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1: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 
 
10: 
11: 
ResultSet result; 
String helperSQL = [SQLからヘルパーSQLを生成]; 
while (true) { 
  [実行中のトランザクションを認識]; 
  result = [1台のレプリカにヘルパーSQLの処理を要求]; 
  RecordLock[] locks = [resultから照会対象の主キーを特定]; 
  ColumnLock[] cLocks= [resultからWHERE句で利用するカラム値を特定]; 
  lock(locks, S); lock(cLocks, S); 
  if (![4行目で認識したトランザクションと 4行目以降に開始したトランザクション 
        が獲得したロックが，8行目で獲得した locksと衝突している]) 
    break; } 
return [resultから sqlが要求する列のみ抽出]; 
 
1: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 
10: 
11: 
12: 
 
13: 
14: 
ResultSet result; 
String helperSQL = [SQLからヘルパーSQLを生成]; 
while (true) { 
  [実行中のトランザクションを認識]; 
  result = [1台のレプリカにヘルパーSQLの処理を要求]; 
  RecordLock[] xLocks = [resultから更新対象の主キーを特定]; 
 ColumnLock[] sCLocks=[resultからWHERE句で利用するカラム値を特定]; 
  ColumnLock[] preCLocks = [resultから更新前のカラム値を特定]; 
  ColVal[] postCLocks = [SQLから更新後のカラム値を特定]; 
  lock(sCLocks, S);  
  lock(xLocks, X); lock(preCLocks, X); lock(postCLocks, X); 
  if (![4行目で認識したトランザクションと 4行目以降に開始したトランザクション 
        が獲得した排他ロックが，10行目で獲得した locksと衝突している]) 
    break;} 
[全レプリカに，SQLの処理を要求]; 
 
? 3.3: ???? SQL????????????????
??????????????????? SQL??????????SQL????
???????????????????????????? SQL???????
????????? 3.4?????????
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1: 
2: 
3:  
Table[] locks =[SQL内でアクセスする全テーブルに対応する共有ロックを特定]; 
lock(locks, S); 
return [1台のレプリカを選択し，SQLの処理を要求]; 
 
1: 
2: 
3: 
4: 
TableLock[] sLocks=[SQLがアクセスする全テーブルに対するロックを特定]; 
TableLock[] xLocks=[SQLが更新する全テーブルに対するロックを特定]; 
lock(slocks, sLock); lock(locks, xLock); 
[全レプリカに，SQLの処理を要求]; 
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